Abstract-The coal-fired power industry in China is confronted with issues on Nitrogen Oxide (NOx) abatement and corresponding additional costs. The selection of denitration technologies and measures is a scientific, economic, and political issue. Several domestic studies estimate the denitration costs and their influencing factors in the context of Chinese power industry. The influencing factors on denitration cost during operations and manufacturing can be credited to the average total cost of denitration. Denitration technologies and measures can be evaluated based on the unit cost of pollution reduction (UCPR), which can be calculated from the marginal abatement cost function. The UCPR was used to examine the cost-effectiveness of each emission reduction technologies and measures. Our analysis shows that the factors, electricity capacity, denitration technology, and construction measure, play incredible roles in determining denitration cost, whereas selective catalytic reduction denitration technology and technological transformation construction measure are the most favored options as regards denitration practice from power plants in China. Given that the mean value of the UCPR is 1.19 cent/kWh, compared with the 1 cent/kWh subsidy, the national denitration subsidy on electricity price is reasonable. Although the NOx abatement strategies provide beneficial effects, some related measures are needed for their implementation.
I. INTRODUCTION
In recent years, environmental awareness of sustainable development grew significantly. This awareness can be attributed to social dissatisfaction with the environment. Air pollution constitutes one of the major problems that impede the process of sustainable development (Chalou-lakou et al., 2008). The main source of air pollution is the combustion processes of fossil fuels used in power plants. Key combustion-generated air contaminants include sulfur oxides, particulate matter, carbon monoxide, unburned hydrocarbons, and nitrogen oxides (NOx) (Yang et al., 2008) . Global warming and local pollutants, such as NOx, are two main issues during China's sustainable development (Yang et al., 2008) . NOx are considered the primary pollutants of the atmosphere, as they are responsible for environmental problems like photochemical smog, acid rain, troposphere ozone, ozone layer depletion, and even global warming caused by N 2 O (Kinga et al.,2010).
Legislation plays an important role in achieving pollutant reduction, meanwhile economic incentives, such as subsidies and green taxation, have always been a key element in achieving the emission abatement purpose (Lex etal., 1998). Many authors have increasingly been focusing on incentive-based instruments for emission reduction on air pollutant, such as CO 2 , SO 2 , NO x , and greenhouse gases (Smith, 1998 A thorough understanding of the abatement cost and its key effect elements is a prerequisite for policymakers to implement efficient environmental policies (Lena et al., 2005) . Electricity price on denitration is influenced by a number of factors, and various researches have been focusing on the emission factors and the costs of NOx, such as the fuel type, facility, and boilers (Oh Sang and Won-Cheol, 1999; Jiming et al., 2002;Jian et al., 2010);however, these studies, which are based on emission factors centered on the availability of raw materials or facilities in denitration, directly affecting the denitration cost given the insufficiency of prominent factors such as power capacity, denitration construction measure, and denitration technology, do not reflect the scientific relationship between the denitration cost and those important factors. Selection of denitration technologies and measures is a scientific, economic, and political issue (Xianqiang et al., 2013) . A rational assessment of the electricity policy on denitration and its influencing factors is urgently in demand in China (He et al., 2013) . This study analyzes these factors, power capacity, denitration construction measure, and denitration technique based on the average total cost (ATC) and MAC. The ATC of denitration is the average value of the total denitration cost and was used to examine the main impact factors on denitration cost during operations and manufacturing process. The MAC, also considered the unit cost of pollutant reduction (UCPR) (Xianqiang et al., 2013) , is the cost of reducing an additional kilowatt per hour of the NO x emissions (Morteza et al., 2013) , and is used to analyze the favored options for denitration reform in power plants, such as the selection of power capacity, technology type, and denitration type.
The purpose of this study is to provide guidelines for denitration power plants and the government. First, the ATC of the denitration in this study can provide a guideline for future NOx emission per unit pricing in its marketable permit system. Second, the denitration can provide a guideline for enterprises to select the process with lower cost. Third, the UCPR would provide guidance on whether the current regulation, such as electricity subsidy, on NOx abatement is reasonable. Consequently, these guidelines are useful in predicting the subsidy level of the electricity price on NO x abatement in Chinese environmental policy.
The following section surveys the overview of China's NOx abatement. Section 3 provides an interpretation to the methodology. Section 4 presents the estimation results, and Section 5 concludes the study.
II. OVERVIEW OF CHINA'S NITROGEN OXIDE EMISSION AND ABATEMENT

A. Energy Consumption of China's Power Plants
The importance of energy in economic development has been globally recognized (Kldellis et (Fig.1) . However, a considerable growth rate of electricity consumption increase has been observed in China since the economic reform and opening-up in 1978. The average growth rate is about 9.1% (Fig.2) . Therefore, the power generation sector in China is characterized as an energy intensive industry consuming a large amount of energy, especially fossil fuels. As a result, this sector takes a large portion of the total airborne pollutant emitted. In 2011, this sector occupied 47.5% of the total industrial sulfur dioxide (SO2), 66.7% of NOx, and 21% of industrial dust emissions (China's Environmental Statistics Yearbook, 2011). (Fig.4) . In other words, the growth of the total NO x emissions can be attributed to the growth of the total industrial NO x emissions. The major sources of NO x include power plants, vehicle exhaust, and so on. For this status, the Chinese government clearly encouraged power plants for denitration, proposed electricity price subsidy for denitration, and implemented denitration tariff pilot in 2011. As of the end of 2011, the amount of denitration unit capacity on operation was approximately 140 million kilowatts, accounting for 18% of the thermal power capacity. The amount of planning and constructing a denitration unit was more than 100 million kilowatts, including 85 million kilowatts for simultaneous construction of denitration facilities and 15 million kilowatts for technological denitration facilities. In China, seven central enterprises in Power Group exist. These enterprises include the State Grid Corporation of China, China Southern Power Grid, China Huadian Group, China Datang Corporation, China Huadian Corporation, China Guodian Corporation, and China Power Investment Corporation, which accounted for the largest proportion of the country's total power generation capacity. By the end of August 2011, the amount of denitration unit capacity on operation in these seven corporations was 73.06 million kilowatts, accounting for approximately 17% of its coal-fired unit capacity (Chinese Academic for Environmental Planning, 2013).This low capacityis caused by the additional denitration cost being higher than its compensation.
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B. Policy of Electricity Power Price Subsidy on Nitrogen Oxide Abatement in China
Parallel to the support of technology development, the market introduction of clean, low NOx technology can be supported by subsidies. In China, these subsidies have been granted for low NOx gas engines and for high-efficiency low NOx small boilers. Another economic incentive is the denitration subsidy for electricity price.
To encourage the power plants to accomplish the denitration reform and payment for their additional cost, a 0.8 cent/kWh subsidy policy was proposed by the National Development and Reform Commission to the power plants that had attained the denitration requirement on 30Nov. 2011.
China's policy on denitration tariff subsidies began to launch pilot in 14 cities and provinces, including Beijing, Tian-jin, Hei-bei, Shan-xi, Shan-dong, Gan-su, Ning-xia, Shang-hai, Zhe-jiang, Jiang-su, Fu-jian, Si-chuan, Guang-dong, and Hai-nan since 2011. To strengthen the NO x control and encourage the fired power plants implementing the denitration transformation, the Chinese Ministry of Environmental Protection and the National Development and Reform Commission jointly issued an announcement called "Some Notice on Strengthening the Coal-fired Power Plant Denitration Acceptance and Implementing the Denitration Facilities Tariff Policy," in 2013.
The methods of denitration tariff policies specifically indicated that coal-fired generating units in operation, which obtained acceptance from the national or provincial environmental protection department but have not implemented the denitration tariff, should apply the denitration price since 1Jan. 2013.This policy means that most of the electricity power plants in the pilots should have achieved denitration transformation until 1Jan. 2013.
Recently, the National Development and Reform Commission issued a notice called "Support for Renewable Energy Development," which encouraged coal-fired power generation companies to perform denitration measures. This notice determines some appropriated adjustment on denitration compensation standards on renewable energy tariff and coal-fired power plants. The subsidy on the price of coal-fired power plants increased from 0.8 cents/kwh to 1 cent/kwh. The above notice on denitration electricity price subsidy would be implemented on 25 Sept. 2013.
III. METHODOLOGY
A. Data Acquisition
The empirical analysis is based on information collected through field investigations in 2012-2013 from12 electricity
Advances in Intelligent Systems Research, volume 148
plants being subjected to the NO x abatement cost in Guang-zhou and An-hui provinces in China. The analyzed material includes 23 electricity generation units.The investigated data contain unit capacity, denitration type, technology type, annual operating hours, power generation, denitration efficiency, NO x reduction cost, NO x emission, entrance concentration, exit concentration, and so on. For analysis, these power generation units are divided into two groups as 300 and 600MW, as the survey of generators showed that their unit capacity is always around the two numbers listed following 265, 300, 320, 350MW, 600, 630, and 640MW.
The , 1999) .Three main types of denitration technologies were observed, which include selective catalytic reduction (SCR),selective noncatalytic reduction（SNCR）, and low-nitrogen conbustion in China. In this study, 90% of the power plants used the SCR technologyandthe other 10% is either low-nitrogen conbustion or SNCR. Moreover, the denitration efficiency of those electricity generation units is more than 70%.
B. Analysis Methods 1) The ATCD
The ATCD is the ATC of the denitration. Some authors estimate the denitration cost based on the externality internalization theory and cost-efficiency theory, using dynamic breakeven analysis model and cost-efficiency method (Jian et al., 2010). Obtaining first-hand data on the denitration cost in enterprises is difficult, thus no research analysis using the actual data from this study was provided.
In this study, the total denitration cost comprises operations and manufacturing costs. The manufacturing cost specifically includes engineering and construction cost, installation cost, engineering and technical services cost, and others. Meanwhile, the operation cost includes reducing agents cost, catalysts cost, depreciation charges cost, annual maintenance fees, annual labor costs, and others.
In this study, the manufacture cost is discounted, and the discount rate is 15%, which is calculated using Eq. (1):
Where Cm is the manufacturingcost, Ce is the engineering and construction cost, Cs is the engineering and technical services cost, and Cot is other cost.
The operation cost is calculated using Eq. (2):
Where C o is the operation cost, C r is the reducing agents cost, C c is the catalysts cost, C d is the depreciation charges cost, C mai is the annual maintenance fees, C lab is the annual labor costs, and C ot is other cost.
Where Q is the annual generation, CTC is the total cost, CAM is the average manufacturing cost (AMC), CAO is the average operation cost (AOC), and CATC is the ATC.
2) The MAC Function
The methodology adopted here is the joint abatement cost functions which relate total costs to treatment volume and the simultaneous effect of reductions in several pollutants developed by Susmita et al. MAC functions focus on the direct costs associated with emission reductions, such as investment cost, operation and maintenance cost, and fuel cost for abatement measures (Brown et.al, 2001 ). Many non-financial costs are excluded from the cost definition in MAC functions, such as supervising and waiting for the installer, costs for re-decorating parts of the house after installations have been performed, and disruption costs (Holdaway et al., 2009 ).
For k pollutants, the environmental engineering literature suggests that an appropriate joint cost function for plant I should include the following variables:
Where C i is the total annual cost of abatement for the plant, W i is the total annual pollutant emission, E in /I in is the vector of effluent/influent ratio for n pollutants, which can be interpreted either as concentration ratios or volume ration(as waste water volume is constant across influent and effluent for each plant, it
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cancels the concentration ratio), is the vector of input prices at location, and X i is the vector of relevant plant characteristics (sector, age, ownership, productive efficiency, etc.).
For the kth pollutant, the marginal abatement cost function is expressed as (Hua et al., 1996) :
We specify a second-order quadratic approximation to the general cost function (or translog function) as follows:
Abatement in Eq.8 is measured by E/I, which reflects the percent reduction in the pollutant as it passes from pre-abatement influent concentration I to post-abatement effluent concentration E.
From the log-log form of Eq.8, with potential quadratic scale effects, we have derived the following plant-lever total and marginal cost equations (Susmita et al., 1997):
To consider that the NOx is the only pollutant in our study, the total cost of the NOx can be expressed as:
In the paper, we draw Eq. 8 to estimate marginal costs of pollution abatement (in annual Yuan/kilometer) by pollutant,
Where , are the regression coefficients.
According to Eq.10, combined with survey data, we use EVIEWS 7.2 software with sample data regression, and then use the calculated results into Eq.11. We can obtainthe result of EVIEWS data regression.
We add the investigated data, including NOx emission (W), entrance concentration (Iin), and exit concentration (Ein) into Eq.11, with the regression coefficients,and thenobtainthe marginal abatement cost of NOx emission, but now the unit is RMB/kg, the electricity subsidy is compensation by kWh.
Marginal abatement cost (cent/kWh)=Marginal abatement cost(RMB/kg)× (12) To compare the UCPR with the denitration subsidy, based on Eq.12, we can change the unit from RMB/kg to cent/kWh.
IV. ESTIMATION RESULTS
A. Analysis of the Influencing Factors of Denitration Cost
The total denitration cost comprises engineering and construction cost, installation cost, engineering and technical services cost, reducing agents cost, catalysts cost, depreciation charges cost, annual maintenance fees, annual labor costs, and others (including fees on water and electricity).
The ATC, which can be calculated by dividing the total cost with the electricity generation, is used to measure the average cost required to reduce one mass unit (such as kWh) of a specific pollutant. In this study, the ATC of denitration was divided into two parts, the average manufacture cost and the average operation cost, indicating the difference between the processes of manufacturing and operating in different denitration technologies and measures.
A number of differences can be observed in compounding denitration cost between the 300-and 600-MW electricity generation units (see Fig.5 ). First, as shown in Fig.5 , the cost of engineering and construction and the installation, both accounted for 19% of the total denitration cost, are two of the highest denitration cost in the 300-MW electricity generation units, whereas depreciation charges occupied 39% of the total denitration cost in the 600-MW electricity generation units. Second, catalysts and reducing agents have been consuming a large amount of the total cost of the 300-MW electricity generation units, accounting for 11% and 13%, respectively. However, both accounted only 9% of the total cost for the 600-MW electricity generation units. As shown in Table1, compared with the 300-MW electricity capacity, the ATC of denitration cost for the 600-MW electricity capacity is 1.01 cent/kWh, approximately 0.07 cent/kWh higher in the operating process. Therefore, the electricity capacity impacting on deniration cost in the operating process is higher than the manufacturing process. Approximately 75% of coal-based power plants use low-nitrogen combustion technology to modify combustion, including low-NO x burners. This technology can remove 37% to 68% of NO x emissions (Balat, 2007) . SCR is a popular technology, which uses NH 3 or other nitrogen sources in the presence of a catalyst to transform NO x into nitrogen and water, used mainly to reduce NO x emission from combustion processes (Bruggemann and Keil, 2008) . This technology can be used at moderate temperature (150 °C to 450 °C) and is characterized as a relatively expensive abatement strategy. In contrast to SCR in the case of SNCR, higher temperature (876 °C to 1,149°C) is required to enable NO x reduction ( Gomez-Garcia et al., 2005) .SNCR is easy to install in existing plants and can be applied in all types of stationary-fired equipments (Javed et al., 2007) . However, the main drawback of SNCR is its low efficiency from 30% to 75%, which must be premised with the combustion modification techniques, combined with other post-combustion modification techniques, or combined with another post-combustion method.
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As regards denitration technology in this study, in the process of operating, the ATC of the low-nitrogen combustion and SCR technology is the lowest at 0.56 cent/kWh and is the SCR technology that is approximately 0.44 cent/kWh higher than the Low-nitrogen combustion and SCR technology. The ATC of low-nitrogen combustion and SNCR technology is the highest at 1.65 cent/kWh, which is three times than that of the low-nitrogen combustion and SCR technology. However, this trend appears much different in the operating process. The ATC of the SCR technology is the highest at 1.46 cent/kWh, which is about two times more than the ACT of the low-nitrogen combustion and SNCR technology, which is the lowest. The relationship among the technologies appears difficult to be interpreted scientifically here, but different denitration technologies are also important factors influencing the denitration cost.
According to the construction measures, in the process of manufacturing, the ATC of the new construction is approximately 1.01 cent/kWh, and the technological transformation measure is 1.14 cent/kWh, which is two times higher than the synchronized construction measure. Meanwhile, not so much gap among the ATC of those construction measures in the operating process can be observed.The gaps among different construction measures still exit. Therefore, the electricity capacity, denitarion technologies, and construction measures are three of the striking factors that impact the denitration cost.
B. Evaluation on the Denitration Technologies and Measures
The UCPR, which can be calculated from the MAC function, was used to examine the cost-effectiveness of each emission reduction technologies and measures (Xianqiang et al., 2013). As in a cost-effective reduction scheme, technologies or measures with lower UCPR should be adopted prior to those with higher UCPR (Xianqiang et al., 2013), so that the UCPR can be used as a basis or a guidance to select the best denitration method, such as the electricity capacity, technology type, and construction type in this study. Our study provides the estimation results and their corresponding unit capacity in Table 2 . First, the UCPR is strongly influenced by different unit capacities, the 300-MW electricity generation unit is approximately 1.35 cent/kWh, which is appropriate and is 0.32 cent/kWh higher than the 600MW. Thus, the higher the unit capacity of the flight crews, the lower is the UCPR of NOx.
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Second, results also display the impact of denitration technology on UCPR. Two main denitration technologies in the targeted power plants exist, which include SCR and low-nitrogen combustion. The UCPR of the SCR is 1.06 cent/kWh, which is 0.53cent/kWh lower than that of the mixture technology. From this analysis, we observed that the denitration technology takes a profound influence on marginal abatement cost of NO X , and the SCR technology is better than the mixture technology. Thus, we can conclude that SCR is the most favored denitration technology.
Third, estimation results were provided, including their corresponding construction type. Three kinds of denitration construction types exist, which include new construction, synchronized construction, and technological transformation. The UCPR of the generation units whose denitration type is the new construction is 1.12 cent/kWh; the synchronized construction is 1.59 cent/kWh, and the technological transformation is 1.03 cent/kWh. Thus, we can conclude that the UCPR oftechnological transformation in electricity generation units is the lowest, which is 0.09cent/kWh lower than that of the new construction and 0.47cent/kWh lower than that of the synchronized construction.
In summary, technological transformation, the new construction is the most favored type for denitration, with the least being the synchronized construction. As shown in Table 3 , in our analysis, the UCPR of denitration ranges from 0.87 cent/kWh to 1.61 cent/kWh, and its average value is 1.19 cent/kwh, which is approximately 0.19 cent/kwh higher than the 1 cent/kWh denitration subsidy. The UCPR will be implemented by the government on 25 Sep. 2013. The present subsidy on denitration appears reasonable, but a necessity arises for the government to adjust the existing tariff subsidy among denitration given the fluctuation of the denitration cost.
C. Rationality Analysis
V. CONCLUSIONS
The electricity generation units' unit capacity, both denitration technology, and denitration construction measures particularly have an incredible influence on UCPR of the denitration, where as the SCR technology and technological transformation are the most favored options for enterprises in selecting the denitration technologies and measures. This study estimates the mean value and UCPR of denitration for the coal-fired power plants in the province of An-hui and Guang-zhou in China. In addition to the subsidy policy, the government should promulgate related measures to promote the denitration transformation in power plants, such as strengthening the market regulation on reducing agent, arranging reasonable downtime to guarantee the normal supply of electricity production, conducting NOx emission trading pilot, and developing some relevant incentives on power index, bank lending rates, and taxes.
